Chronic obstructive pulmonary disease (COPD) is one of the most common chronic diseases worldwide and is considered an important cause of morbidity and mortality.\[[@ref1][@ref2]\] The prevalence of COPD is increasing, and currently is the third cause of mortality worldwide.\[[@ref3][@ref4][@ref5]\] COPD is often under-diagnosed, resulting in an underestimation of the burden of the disease.\[[@ref6][@ref7]\] The situation is not different in the Middle East in general and in the Gulf Corporation Council (GCC) countries in particular, as it remains under-diagnosed and is inadequately evaluated and treated. Furthermore, COPD symptoms are responsible for considerable health care consumption with high levels of physician consultation and hospitalization.\[[@ref8][@ref9]\]

Since the publication of the Saudi Thoracic Society (STS) guidelines for management of COPD in 2008, there have been several new developments in this field which required updating the guidelines. The Saudi Initiative for Chronic Airway Diseases (SICAD) panel shares a similar concern that COPD is often misdiagnosed and, when correctly diagnosed, patients receive suboptimal treatment and care. Therefore, this guideline is designed to provide recommendations for problems frequently encountered by health care professionals that include primary care physician, family medicine practitioners, practicing internists, and health care professionals involved in the management of COPD. It aims to provide them with tools to help in the diagnosis and comprehensive management of COPD, customized to the local setting.

Materials and Methods {#sec1-1}
=====================

The STS has launched the SICAD group in order to focus on COPD. The main task of the group includes development of evidence-based guidelines which are more suitable to local practices and to create awareness of COPD among health care providers, aiming at improvement in COPD patient care. A panel of academics and practicing pulmonologists having experience in developing guidelines was chosen. The panel reviewed several current global guidelines for management of COPD and conducted many meetings and group discussions with international experts involved in developing COPD global guidelines. This guideline was supported with the available local literature as well. Each member was assigned a specific chapter which was internally reviewed by other members. Final manuscript was reviewed by independent internal and external experts.\[[@ref10]\] The SICAD panel adopted the criteria used by the Saudi Initiative for Asthma (SINA) guidelines:\[[@ref11]\]

Evidence Category A: Randomized controlled trials with rich body of evidenceEvidence Category B: Randomized controlled trials with limited body of evidenceEvidence Category C: Non-randomized trials and observational studiesEvidence Category D: SICAD panel consensus judgment. This category is only used in cases where the provision of some guidance is deemed valuable, but the clinical literature addressing the subject is insufficient to justify placement in one of the other categories.

Definitions {#sec1-2}
===========

COPD is a chronic lung disease that includes emphysema, chronic bronchitis, or a combination of these. It may develop due to exposure to cigarette smoke or other forms of noxious materials and pollution that leads to a chronic bronchial inflammatory response and parenchymal damage. COPD is characterized by persistent irreversible or potentially reversible airway obstruction that is associated with chronic symptoms (dyspnea, productive cough, and wheezing) and bouts of exacerbations.\[[@ref12]\] Chronic bronchitis is a clinical term defined as a chronic cough or expectoration that is present on most days for a minimum of 3 months per year for at least two successive years. It is imperative to exclude other causes of chronic cough and expectoration, such as asthma or bronchiectasis.\[[@ref13]\] On the other hand, emphysema is a pathological term defined as permanent destructive enlargement of airspaces distal to the terminal bronchioles without obvious fibrosis.\[[@ref14][@ref15]\] Whenever emphysema is diagnosed in a patient less than the age of 40 with disease severity out of proportion with the duration and intensity of smoking, it is essential to measure the a1-antitrypsin level.\[[@ref16]\]

Risk Factors {#sec1-3}
============

Cigarette smoking is by far the greatest risk factor for COPD.\[[@ref17]\] Passive smoking and shisha (water pipe) smoking are other recognized risk factors for COPD.\[[@ref18]\] The disease has also been attributed to occupational exposure to organic or inorganic dust and heavy outdoor pollution as well.\[[@ref19]\] This was manifested by the use of biomass fuel in developing countries for indoor cooking with poor ventilation.\[[@ref20][@ref21]\] Epidemiological studies have also shown that lower socioeconomic status is associated with increased risk of COPD.\[[@ref22]\] Furthermore, genetic and environmental factors may play a role in determining who develops the disease as well.\[[@ref23]\] Although COPD develops in about 10-15% of smokers, studies have shown that four out of five patients with COPD are either current or former smokers.\[[@ref24]\] Other studies reported that higher rates of COPD have been observed in heavy smokers.\[[@ref25][@ref26]\] Contrary to earlier reports, women are not protected and may have an increased risk of developing COPD.\[[@ref27][@ref28]\]

Epidemiology {#sec1-4}
============

Although COPD is one of the leading causes of mortality and morbidity worldwide, epidemiological data for COPD are scanty from the Middle Eastern countries. The World Health Organization (WHO) predicts that between 1990 and 2020, COPD would rise from being the 12th leading cause of disability to the 5th position.\[[@ref6][@ref7]\] A recent study on global and regional mortality from 235 causes of death for 20 age groups in 1990 and 2010 ranked COPD as the third cause of death globally.\[[@ref5]\] COPD affects men more frequently than women, reflecting lower prevalence of smoking in women; however, this trend has changed as smoking is increasing among young women. Despite the fact that COPD has become a major public health problem in the Middle East, it has not received enough attention and has remained under-diagnosed and under-recognized. This has often led to delay in the diagnosis till the disease becomes clinically apparent or is in an advanced stage.\[[@ref29]\] There are conflicting data about smoking in the region; however, prevalence of smoking in men varies between 20% in Iran and 63% in Turkey.\[[@ref30]\] This was also reflected in a recently released report by the WHO about the global tobacco epidemic that showed prevalence of smoking in the Middle East ranged from 38.5% in Lebanon to 62.0% in Syria.\[[@ref31]\] However, prevalence of smoking was reported to be 31.6% in a large epidemiological study on smoking pattern in 11 countries of the Middle East and North Africa (MENA) region.\[[@ref32]\] This study has also shown that prevalence of smoking was significantly higher in men than in women (48% vs. 13.8%, *P* \< 0.001). The main risk factors for COPD in the Middle East are considered to be tobacco smoke, passive smoking, and other indoor and outdoor air pollutants.\[[@ref22][@ref29]\] In this region, COPD affects more people with low socioeconomic status, as smoking is more prevalent among illiterate people.\[[@ref22][@ref33][@ref34]\] Environmental factors, such as indoor air pollution from biomass fuel used for cooking and heating, appear to contribute to COPD in women.\[[@ref21][@ref30]\] An estimated 25-45% of patients with COPD are not smokers, but are exposed to smoke from biomass fuel, suggesting that exposure to biomass smoke largely contributes to the social and economic impact of COPD in the Middle East.\[[@ref29][@ref30]\] In Turkey, the prevalence of COPD was estimated to be 18.1% in current smokers over 40 years of age and 4.5% among younger smokers. Biomass exposure was also significantly common among female patients living in rural areas (54.5%).\[[@ref35]\]

Several studies from Saudi Arabia over the past 20 years have shown a progressive increase in smoking, particularly among men of younger age groups and women.\[[@ref36][@ref37][@ref38][@ref39]\] In a large study of 8310 subjects, the overall prevalence of cigarette smoking among Saudi nationals in three regions of Saudi Arabia was 21.1% for males and 0.9% for females.\[[@ref40]\] Most smokers (78%) were young to middle-aged. The BREATHE study in MENA countries has shown prevalence of smoking in Saudi Arabia to be 15.9% for cigarettes alone, 5.3% for water pipe alone, 3.6% for water pipe and cigarettes, and 24.8% for any type of smoking.\[[@ref32]\] One study from Riyadh showed that 13% of male medical students were active smokers, 5.3% were ex-smokers, and 38.2% were passive smokers.\[[@ref41]\] Moreover, two surveys in the KSA in 2002 and 2007 revealed an increase in the prevalence of water pipe smoking from 6.8 to 8.7% among students aged 13-15 years.\[[@ref42]\]

An epidemiological survey of COPD-related symptoms conducted in a random sample of the general population in the MENA region showed that the age- and gender-adjusted prevalence of COPD-related symptoms, defined as persistent productive cough and/or breathlessness, was 14.3% in Saudi Arabia. Only 2.4% of the subjects fulfilled the criteria of the "epidemiological definition" of COPD (symptoms or diagnosis and cigarette use ≥10 pack-years), and 2.8% were diagnosed as having chronic bronchitis as per the Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria for the diagnosis of chronic bronchitis.\[[@ref41]\] In another study, among 501 smokers of more than 40 years of age who were attending primary health care clinics in three major cities of Saudi Arabia, 71 (14.2%) patients had COPD that was confirmed by spirometry.\[[@ref43]\] This prevalence rate is similar to that reported from many parts of the world. In an earlier study from Jeddah, among 810 hospitalized patients with respiratory disorders, COPD was found to be the second leading cause of hospitalization (17.2%). Men (66.9%) were twice as affected as women (33.1%), and the age group most commonly involved was 46-65 years.\[[@ref44]\] Another survey in six centers in four Gulf Cooperation Council (GCC) countries (Saudi Arabia, United Arab Emirates, Kuwait, and Bahrain) revealed that patients experienced a moderate to severe impact of the disease and considerably compromised quality of life.\[[@ref45]\]

Clinical Presentation of COPD {#sec1-5}
=============================

COPD should be considered in a patient above 40 years of age presenting with the symptoms of chronic cough, sputum production, and/or shortness of breath upon exertion, particularly in an individual who is a smoker, ex-smoker, or has a history of exposure to noxious particles.\[[@ref46][@ref47]\] However, as the presence of these symptoms alone is not sensitive, specific, or predictive of airway obstruction, spirometry is required for diagnosis of COPD. Furthermore, symptom severity is linearly related to the amount of smoking and the degree of impairment in lung functions \[forced expiratory volume in 1 s (FEV1)\]. Shortness of breath initially occurs upon exertion, and at a later stage, it occurs at rest. Coughing is usually intermittent early in the disease with scanty sputum and may progress to become more frequent and productive of a large amount of sputum. Such presentation should be carefully evaluated to be differentiated from bronchiectasis, a common condition in Saudi Arabia. Any changes in the quantity and/or color of sputum in a patient with COPD may be due to acute exacerbation of COPD, and should be recognized and treated promptly to prevent deterioration in the clinical condition and lung functions. In contrast to asthma, audible wheezing is not common as a presenting symptom in COPD. When present, wheezing is usually expiratory, but can progress to being both inspiratory and expiratory in nature. However, the absence of wheezing does not exclude a diagnosis of COPD. Other symptoms of COPD include fatigue, anorexia, and weight loss. These symptoms are usually present late in the disease, and carry a poor prognosis and may lead to anxiety, depression, and disability.\[[@ref48]\]

Normal physical examination does not normally exclude COPD. Typical findings in advanced cases include manifestation of lung hyperinflation and wheezing that may be audible only during forced expiration. In advanced disease conditions, such as severe and very severe chronic bronchitis, ankle swelling may occur due to right heart failure. The classical picture of pink puffers and blue bloaters represents the phenotypes of advanced emphysema and chronic bronchitis, respectively. Clubbing is not a feature of COPD and, when present, should suggest other diagnoses such as bronchiectasis, lung fibrosis, or lung cancer. Symptoms of dyspnea, cough, sputum production, and wheezing are present in more than 90% of smokers with airflow obstruction.

Recommendation {#sec2-1}
--------------

The presence of cough, sputum production, and dyspnea with wheezing in an individual more than 40 years of age and with more than 20 pack-years smoking history increases the likelihood of COPD. (Evidence C)

Diagnostic Tools {#sec1-6}
================

Pulmonary function tests {#sec2-2}
------------------------

Spirometry is essential for the diagnosis of COPD. It can be easily performed in a clinic setting or as part of a formal pulmonary function testing (PFT) in a laboratory. When performed in a clinic setting, care should be taken to use a validated machine. These machines need to be calibrated as per the manufacturer\'s specification and the procedure should be performed according to the published standards.\[[@ref49]\] As spirometry is effort related, the best of at least three trials is selected. Airflow limitation in COPD is defined as a post-bronchodilator FEV1/forced vital capacity (FVC) of less than 70%. In the right clinical context and exposure to risk factors, the presence of airflow limitation is diagnostic of COPD. The use of the FEV1/forced expiratory volumes in 6 s (FEV6) ratio of less than 0.7 is promising. However, no consensus has yet been reached about this test.\[[@ref40]\] These measurements can be performed with handheld spirometry as a screening tool. If abnormal, the patient should be referred for formal spirometry to confirm the diagnosis.

When spirometry shows the FEV1/FVC ratio of less than 70%, it is suggested to check the response to short-acting bronchodilators to assess reversibility using a short-acting b2-adrenoceptor agonist, such as salbutamol, or an anticholinergic, such as ipratropium bromide.\[[@ref50][@ref51]\] The drugs should be administered as two separate doses (100 mg/dose for salbutamol and 40 mg/dose for ipratropium bromide) using a spacer device. In addition, it is recommended that spirometry be performed 15 min following salbutamol administration or 30 min following ipratropium bromide administration. Reversibility is defined as an FEV1 improvement from the pre-dose value by at least 12% and an absolute improvement of FEV1 of more than 200 ml. Although it used to be commonly believed that patients with COPD have largely irreversible airflow obstruction, evidence now suggests that a considerable proportion of patients exhibit clinically significant bronchodilator reversibility. The usefulness of acute reversibility to short-acting bronchodilators in predicting a patient\'s long-term response to bronchodilator maintenance therapy is unclear. Most studies suggest that a lack of response to short-acting bronchodilators does not preclude a beneficial long-term response to maintenance bronchodilator treatment.\[[@ref52][@ref53]\]

PFT would usually show air trapping and hyperinflation as manifested by increased residual volume (RV) and increased total lung capacity (TLC), respectively. The increased ratio of RV/TLC reflects these findings as well. Reduced diffusion capacity is a characteristic finding in emphysema, which occurs as a result of lung parenchymal destruction.

Chest radiography {#sec2-3}
-----------------

A normal chest X-ray does not exclude the diagnosis of COPD. In advanced cases, typical findings include hyperinflation, flattening of the diaphragm, increase in retrosternal airspace on the lateral view, and tubular heart. Occasionally, there are parenchymal hyperlucencies. Furthermore, a chest X-ray can be helpful in excluding other conditions such as bronchiectasis, heart failure, and lung fibrosis.

Chest computed tomography {#sec2-4}
-------------------------

Computed tomography (CT) of the chest is not routinely recommended. However, when there is doubt about the diagnosis of COPD, high-resolution CT (HRCT) may confirm the diagnosis or exclude other diagnoses such as bronchiectasis or lung fibrosis.\[[@ref54]\] Furthermore, if a surgical procedure such as bullectomy or lung volume reduction is being contemplated, chest HRCT is an essential requirement.

Recommendations {#sec2-5}
---------------

Spirometry should be performed in symptomatic individuals with risk factors such as smoking history and exposure to noxious particles. (Evidence A)In the right clinical context and exposure to risk factors, the presence of airflow limitation (post-bronchodilator FEV1/FVC ratio less than 0.7) is diagnostic of COPD. (Evidence A)Handheld spirometry measuring FEV1/FEV6 can be used as a screening tool. If abnormal, patient should be referred for formal spirometry testing. (Evidence D)

COPD Assessment {#sec1-7}
===============

COPD is a heterogeneous disease with different phenotypes. The clinical presentation is variable as some patients may have the predominance of certain symptoms such as shortness of breath or productive cough, whereas others are more at risk of having COPD exacerbations. Hence, it is important to assess each patient individually for the presence of symptoms and identify the patients who are more at risk of exacerbations during the initial encounter. The initial COPD management strategy should be based on the following:

Comprehensive individualized assessmentPharmacological treatmentNon-pharmacological treatmentPatient educationRisk reduction strategyManagement of co-morbidities

Initial individual assessment {#sec2-6}
-----------------------------

The SICAD panel adopted the concept introduced by the Global Initiative for COPD (GOLD-COPD) document released in 2013 with modifications.\[[@ref55][@ref56]\] The new approach has moved away from the old approach based on physiological measurement of FEV1 and FEV1/FVC ratio to assess the future risk toward determining the impact of the disease and assessing the symptoms individually.

SICAD panel approach {#sec2-7}
--------------------

The SICAD panel reached the following consensus:

**Initial assessment:** In addition to taking history, performing physical examination and basic investigations, an initial spirometry is strongly recommended to diagnose COPD and assess for future risk.**Further management:** A simplified practical approach is recommended by the SICAD panel that also overcomes the logistical issues which may be related to the unavailability of spirometry in primary care setting. For those initially diagnosed with spirometry, further management is recommended to be based on patients' symptoms using a validated instrument and assessing the risk of exacerbations and hospitalization. This is supported by the poor correlation between FEV1 measurement at follow-up with symptoms, health status, and total impact of COPD.\[[@ref57]\]**Assessment of the impact of COPD:** A health care professional is strongly recommended to use a combined assessment of the following areas:SymptomsRisk of exacerbationsCo-morbidities

### Assessment of symptoms {#sec3-1}

The cardinal symptoms of COPD, such as cough, sputum production, and dyspnea on exertion, should be assessed in all patients. An objective assessment of symptoms by a validated tool is recommended, such as the COPD Assessment Test (CAT) \[[Figure 1](#F1){ref-type="fig"}\].\[[@ref58]\] The CAT provides a comprehensive assessment of the impact of dyspnea and health status impairment in COPD. The CAT has been translated and validated in Arabic language \[[Figure 2](#F2){ref-type="fig"}\].\[[@ref59]\] It is an eight-item questionnaire with a six-item Likert scale ranging from 0 to 5. It correlates very well with the health status questionnaire known as the St George Respiratory Questionnaire.\[[@ref60]\] The score ranges from zero (completely asymptomatic) to 40 (extremely symptomatic). A CAT score ≥10 is associated with a significantly impaired health status \[[Table 1](#T1){ref-type="table"}\].\[[@ref61]\]

![English version of COPD assessment test (CAT)](ATM-9-55-g001){#F1}

![Arabic version of COPD assessment test (CAT)](ATM-9-55-g002){#F2}

###### 

Interpretation of the COPD Assessment Test

![](ATM-9-55-g003)

Recommendation {#sec2-8}
--------------

CAT score is recommended as a tool for the comprehensive assessment of all patients with COPD. (Evidence C)

### Assessment of exacerbation risk {#sec3-2}

It is important to identify patients who are at risk of exacerbations, as it has been recently recognized that exacerbations can be prevented with treatment.\[[@ref62]\] COPD exacerbation is simply defined as worsening of patient\'s usual symptoms, which may require a change in usual medications.\[[@ref63]\] COPD exacerbations cause a significant decline in health status, accelerate the decline in lung function, and increase the risk of mortality.\[[@ref64][@ref65]\] A symptomatic patient may have no exacerbations, whereas a less symptomatic subject may be at risk of exacerbations or hospitalization. The best predictor of future exacerbations is a previous history of such events irrespective of the presence or absence of symptoms.\[[@ref66]\] A useful clue about the history of exacerbation is to inquire about the use of systemic steroids or antibiotics for a "chest problem" during the past year or if the patient had been hospitalized for a "chest problem." Accordingly, the assessment of "exacerbation risk" in an individual patient is based on history of exacerbation or hospitalization due to COPD in the past year. It is defined as follows:

**Low exacerbation risk** (all of the following should be fulfilled):At the most one exacerbation in the past yearNo hospitalization due to COPD in the past year**High exacerbation risk** (one of the following should at least be fulfilled):Two or more exacerbations in the past yearHistory of hospitalization due to COPD in the past year

### Assessment of co-morbidities {#sec3-3}

Increasing evidence indicates that COPD is a systemic disease. It has effects on cardiac function and gas exchange with systemic consequences such as skeletal muscle wasting and cachexia. Co-morbid conditions such as ischemic heart disease, heart failure, osteoporosis, anemia, lung cancer, depression, and diabetes can occur in patients at any grade. These conditions can potentiate the morbidity of COPD by increasing hospitalizations, mortality, and health care costs.\[[@ref67]\] Therefore, co-morbidities complicate the management of COPD and need to be comprehensively evaluated as their treatment may provide clinical benefits. For early prevention of the disease and treating complications, assessment for presence of COPD is recommended for those with a history of cigarette smoking more than 20 pack-years and/or shisha smoking, especially when there is evidence of co-morbid conditions.

SICAD classification of COPD {#sec2-9}
----------------------------

Based on the symptoms and risk of future exacerbations, COPD patients are recommended to be classified into the following three clinical classes \[[Table 2](#T2){ref-type="table"}\]:

**Class I:** Less symptoms (CAT \< 10) and 0-1 exacerbation in the past year and no hospitalization. This is equivalent to GOLD group A.**Class II:** More symptoms (CAT ≥ 10) and 0-1 exacerbation in the past year and no hospitalization. This is equivalent to GOLD group B.**Class III:** At risk of exacerbations as manifested by ≥2 exacerbations in the past year and/or hospitalization regardless of symptoms. This is equivalent to GOLD groups C and D.

###### 

SICAD classification of COPD

![](ATM-9-55-g004)

Pharmacological Treatment {#sec1-8}
=========================

Pharmacological treatment for COPD is primarily directed toward symptom control and prevention of acute exacerbations, thereby slowing the progression of disease and mortality. [Table 3](#T3){ref-type="table"} shows the classes of medications used in treating COPD and available in the Saudi market.

###### 

The classes of medications used in treating COPD and available in the Saudi market

![](ATM-9-55-g005)

Bronchodilators {#sec2-10}
---------------

Bronchodilators are the mainstay of treatment for symptomatic COPD patients. They improve the expiratory flow by altering bronchial smooth muscle tone. This effect improves emptying of the lungs and reduces hyperinflation at rest and during exercise.\[[@ref68]\] Despite symptomatic improvement, bronchodilators do not modify the decline in FEV1 in COPD patients.\[[@ref69]\] Bronchodilators are given either on as-needed basis for acute symptom relief or on a regular basis to prevent or reduce symptoms. The inhalation route is preferred for administration. The choice of inhaler device depends on availability, cost, and the patient\'s ability to use the device. In Saudi Arabia, inhalers are available in the form of pressurized meter-dose inhalers (MDI), evohalers, breath-actuated (Easyhaler) and dry-powder inhalers (DPIs), such as turbuhaler, discus, aerohalers, and handihalers. Patients with poor inspiratory force may obtain some symptomatic benefit with drugs administered through nebulization; however, drug nebulization is generally not recommended for regular treatment because of cost and practicality issues.\[[@ref70]\] Bronchodilators are generally safe. The side effects are usually mild, dose dependent, and tend to resolve after treatment withdrawal. However, as COPD patients are usually elderly and more likely to have co-morbidities, the risk of developing side effects is considered to be greater than in asthmatic patients.

β2-agonists {#sec2-11}
-----------

The main action of β2-agonists is to induce airway smooth muscle relaxation by stimulating β2-adrenergic receptors and increase the production of cyclic AMP (cAMP). Inhaled β2-agonists have a rapid onset of action. This effect is probably slower in COPD than in asthma. The bronchodilator effects of short-acting β2-agonists (SABA) usually last for 4-6 h.\[[@ref71]\] SABA such as salbutamol is recommended as rescue medication to relieve the acute symptoms of bronchospasm. On the other hand, long-acting inhaled β2-agonists (LABA), such as salmeterol and formoterol, have an effect that last for 12 h or more with no evidence of tolerance or tachyphylaxis with regular use in COPD patients.\[[@ref72][@ref73]\] Indacaterol is a new medication characterized by its 24-h action, and thus can be used as a single daily dose.\[[@ref74]\] LABA are recommended as maintenance therapy, and are more effective and convenient than treatment with SABA medication and should always be considered in patients requiring chronic therapy.\[[@ref75]\] Treatment with LABA has been shown to improve health status, quality of life, exercise tolerance, and exacerbation rate in COPD patients.\[[@ref72][@ref73][@ref74]\] Contrary to patients with asthma, COPD patients can be treated with LABA as monotherapy.

The side effects are related to the stimulation of β2-adrenergic receptors that may cause sinus tachycardia and rarely other cardiac rhythm abnormalities in susceptible patients. Symptomatic tremor may be troublesome in some older patients treated with high doses of β2-agonists. Hypokalemia can occur, especially when treatment is combined with diuretics, and should be monitored in susceptible patients.

Recommendations {#sec2-12}
---------------

The central role of bronchodilators in COPD patients is directed toward symptom relief and not toward improvement in FEV1. (Evidence A)SABA, such as salbutamol, are recommended to relieve acute symptoms related to bronchospasm. (Evidence A)Regular treatment with LABA is more effective and convenient than treatment with SABA, and is recommended for symptomatic patients (Class II and III). (Evidence A)The regular use of LABA bronchodilators has shown to improve health status, quality of life, and exercise tolerance in COPD patients. (Evidence A)

Anticholinergics {#sec2-13}
----------------

Anticholinergic medications, such as ipratropium bromide and tiotropium, inhibit the effect of acetylcholine on M3 receptors. The bronchodilatation effect of short-acting inhaled ipratropium may last for up to 8 h. Tiotropium has duration of action of more than 24 h and is used once daily.\[[@ref71][@ref76]\] Treatment with a long-acting muscarinic antagonist (LAMA) drug, tiotropium, is effective in reducing the symptoms, improving the quality of life, and decreasing the exacerbations and hospitalizations at any stage in COPD patients.\[[@ref77][@ref78][@ref79][@ref80][@ref81]\] It improves the effectiveness of pulmonary rehabilitation (PR) and may also show reduction in the rate of decline in lung function compared with placebo, in patients who are not on other maintenance drugs.\[[@ref82][@ref83]\] Anticholinergic drugs are considered to be very safe. The main side effect is dryness of mouth. Although mild prostatic symptoms have been reported, there is no evidence of a direct causal relationship. The use of nebulized ipratropium with a facemask has been reported to precipitate acute glaucoma.\[[@ref77]\]

Recommendations {#sec2-14}
---------------

Ipratropium bromide is recommended as the rescue medication to relieve the acute symptoms of bronchospasm. (Evidence A)Treatment with LAMA such as tiotropium is effective in reducing the exacerbation rate in COPD patients and improves the effectiveness of PR. (Evidence A)Tiotropium may reduce the rate of decline in lung function compared with placebo in patients who are not on other maintenance drugs. (Evidence B)

Corticosteroids {#sec1-9}
===============

The effects of oral and inhaled corticosteroids in COPD are much less defined than in asthma. Therefore, every effort should be made to differentiate COPD from asthma.

 {#sec2-15}

### Inhaled corticosteroids {#sec3-4}

The role of inhaled corticosteroids (ICS) in stable COPD as a maintenance treatment is still controversial. Although regular treatment with ICS does not modify the long-term decline of FEV1 in patients with COPD, substantial evidence suggests that regular treatment with ICS might be beneficial in symptomatic COPD patients with an FEV1 less than 60% of the predicted value and with a history of frequent exacerbations.\[[@ref84][@ref85][@ref86]\] This treatment has been shown to reduce the frequency of exacerbations, and thus improve the health status.\[[@ref87]\] Furthermore, withdrawal from ICS may lead to exacerbations in certain COPD patients.\[[@ref88][@ref89]\] A combination of ICS and LABA is more effective than any one alone.\[[@ref90][@ref91]\]

ICS are generally safe and well tolerated by COPD patients. The majority of the patients may not have any side effects even with long-term use. Minor side effects, such as hoarseness of the voice and higher incidence of skin bruising that increases with age, were reported in COPD patients. Treatment with ICS for very long periods may be associated with a reduction in bone density, slightly increased risk of fractures and pneumonia, and adrenal insufficiency.\[[@ref92][@ref93][@ref94][@ref95][@ref96]\]

### Oral corticosteroids {#sec3-5}

Oral corticosteroids are recommended to be used in acute COPD exacerbation. However, long-term treatment with systemic corticosteroids has many side effects, including steroid myopathy and glucose intolerance. These side effects might have a negative impact on COPD co-morbidities. Therefore, based on the large body of evidence on side effects, and because of a lack of evidence of benefit, long-term treatment with oral corticosteroids is not recommended for COPD.\[[@ref93]\]

Recommendations {#sec2-16}
---------------

ICS are recommended in Class III (equivalent to GOLD groups C and D). (Evidence C)A therapeutic trial with oral corticosteroids in stable COPD patients is not recommended. (Evidence B)Long-term treatment with oral corticosteroids is not recommended for stable COPD. (Evidence A)

Combination therapy {#sec2-17}
-------------------

When comparing combination of ICS with LABA to either of them alone in a single device, the combination is more effective in improving the lung function and quality of life and reducing the exacerbations in moderate and severe disease, and it may also reduce mortality.\[[@ref90][@ref97][@ref98]\] The addition of tiotropium to a combination of ICS and LABA further reduces the exacerbation rate and improves the lung functions and quality of life.\[[@ref99][@ref100][@ref101]\]

Recommendations {#sec2-18}
---------------

Patients with COPD should not be treated with ICS alone, and patients with asthma should not receive LABA alone. (Evidence A)Addition of regular treatment with ICS to bronchodilator treatment might be beneficial in symptomatic COPD patients with a history of frequent exacerbations. (Evidence A)A combination of an ICS and LABA is more effective than the individual components in all parameters of COPD management. (Evidence A)The addition of tiotropium to a combination of ICS plus LABA further reduces the exacerbation rate and improves the lung functions and quality of life. (Evidence B)

Methylxanthines {#sec2-19}
---------------

The role of methylxanthines in COPD is controversial and the exact mechanism of action in COPD patients is yet to be determined. Although methylxanthines are considered to be bronchodilators, a range of non-bronchodilator actions has been reported. An anti-inflammatory effect through the non-selective inhibition of phosphodiesterase enzymes has been suggested.\[[@ref102]\] Theophylline has been shown to improve steroid resistance through up-regulation of histone deacetylase pathway.\[[@ref103]\] In addition, changes in inspiratory muscle function have also been reported in COPD patients treated with theophylline; however, whether this is a primary effect on the muscle or just reflecting changes in dynamic lung volumes is not yet clear.\[[@ref104]\] Low-dose theophylline appears to reduce exacerbations without improvement in bronchodilatation.\[[@ref105]\]

Dose-related toxicity is the main concern for using this class of medications. Unfortunately, most of the benefits reported are only observed when near-toxic doses are used. Serious side effects include the development of atrial and ventricular arrhythmias (which can prove fatal) and seizures (which can occur without prior history). More common, but less significant side effects include headaches, insomnia, and gastrointestinal disturbances such as nausea and heartburn. As the drugs are metabolized by cytochrome P450, drug--drug interactions can occur.

Recommendations {#sec2-20}
---------------

Low-dose theophylline appears to reduce exacerbations. (Evidence C)

Phosphodiesterase-4 inhibitors {#sec2-21}
------------------------------

Roflumilast is an anti-inflammatory drug and a specific phosphodiesterase-4 enzyme inhibitor, which is responsible for the breakdown of intracellular cAMP. The drug is taken orally and has been approved for COPD patients with chronic bronchitis symptoms and suffering from frequent exacerbations. It has been shown to reduce moderate to severe exacerbations in moderate to severe COPD treated with corticosteriods.\[[@ref106]\] The drug\'s beneficial effects on exacerbation and lung functions are also seen when it is added to LABA, LAMA, or ICS.\[[@ref107][@ref108][@ref109]\] The most common side effects are nausea, abdominal pain, diarrhea, reduced appetite, headache, and sleep disturbance. Most of these adverse effects improve over time. Mild weight reduction was also reported.

Recommendations {#sec2-22}
---------------

Roflumilast is indicated in Class III COPD patients with chronic bronchitis phenotype. (Evidence A)The drug has beneficial effects in reducing exacerbations when added to LAMA, LABA, or ICS. (Evidence B)

Mucolytic and antioxidant agents {#sec2-23}
--------------------------------

The regular use of mucolytics in COPD is controversial. Mucolytic agents may have some beneficial effects on exacerbation rates and health-related quality of life in patients not treated with standard COPD therapy.\[[@ref110][@ref111]\] Mucolytics are often considered as an "add-on" therapy in patients with severe COPD who have recurrent exacerbations and remain symptomatic despite maximum standard therapy. They are generally safe and well tolerated. In a recent randomized, double-blind, placebo-controlled study, 1 year treatment with high-dose N-acetylcysteine (1200 mg/day) resulted in significant improvement of small airways function and decreased frequency of exacerbations in stable COPD patients.\[[@ref112]\]

Recommendations {#sec2-24}
---------------

Mucolytics may be considered as an "add on" therapy in COPD. (Evidence C)Long-term treatment with high-dose N-acetylcysteine (1200 mg/day) may result in a significant improvement of small airways function and decreased frequency of exacerbations in stable COPD patients. (Evidence C)

Antibiotics {#sec2-25}
-----------

Antibiotics should be used to treat infectious exacerbations of COPD. The prophylactic use of antibiotics has been shown to be promising; however, additional studies are required before the regular use of these agents can be recommended.\[[@ref113][@ref114][@ref115]\]

Recommendations {#sec2-26}
---------------

Antibiotics should be used to treat infectious exacerbations of COPD. (Evidence A)

Antitussives {#sec2-27}
------------

The regular use of antitussives is not recommended for stable COPD patients.

Recommendations {#sec2-28}
---------------

The regular use of antitussives is not recommended for stable COPD patients. (Evidence D)

α-1 antitrypsin {#sec2-29}
---------------

α-1 antitrypsin augmentation therapy can be considered in young patients with severe hereditary α-1 antitrypsin deficiency and established emphysema. However, this therapy is very expensive and only available in very specialized tertiary care hospitals.\[[@ref116][@ref117]\]

Treatment for Stable COPD Based on SICAD Classification {#sec1-10}
=======================================================

The current management strategy for COPD primarily focuses on control of symptoms, prevention of exacerbations, and improving the quality of life. Furthermore, prevention, diagnosis, and appropriate treatment of co-morbidities are also recommended since these are associated with high risk of hospitalization and mortality.\[[@ref67]\] The treatment of COPD is stratified based on the class of COPD as presented by the SICAD panel \[[Table 2](#T2){ref-type="table"}\]. Once the patient is clinically assessed and a diagnostic spirometry performed, the SICAD panel recommends a simplified approach by obtaining the CAT score to assess the symptoms and asking about the history of exacerbations or hospitalizations in the past year \[[Figure 3](#F3){ref-type="fig"}\].

![Algorithm for pharmacological treatment of stable COPD](ATM-9-55-g006){#F3}

Class I {#sec2-30}
-------

Patients in this class are less symptomatic (CAT \< 10) and are not at high risk of acute exacerbations or hospitalizations. The recommended treatment is as follows:

**First choice:** A short-acting bronchodilator such as anticholinergic or SABA on as-needed basis.**Second choice:** (i) Combination of the two short-acting bronchodilators, (ii) LAMA, or (iii) LABA.\[[@ref118][@ref119][@ref120]\]If a long-acting bronchodilator is prescribed, a short-acting bronchodilator is recommended on as-needed basis.

Class II {#sec2-31}
--------

These patients are symptomatic (CAT ≥ 10) and require drugs that help to improve their dyspnea. The recommended treatment is as follows:

**First choice:** A long-acting bronchodilator, either LAMA or LABA alone.**Second choice:** Both LAMA and LABA, if the patient is still symptomatic with breathlessness.\[[@ref121]\]All patients are recommended to use a short-acting bronchodilator on as-needed basis for the control of dyspnea, in addition to their regular treatment.

Class III {#sec2-32}
---------

This group of patients is at risk for exacerbations or hospitalizations and usually symptomatic (CAT ≥ 10). The objective of treatment is to reduce the symptoms and prevent exacerbations. The recommended treatment is as follows:

First choice: Either LAMA alone, or a combination of ICS and LABA.Second choice: (i) Both LAMA and LABA, (ii) LAMA and ICS, or (iii) triple therapy with ICS, LABA, and LAMA.\[[@ref101][@ref120][@ref122]\]A phosphodiesterase-4 inhibitor can be added for patients with chronic bronchitis having frequent exacerbations or hospitalizations.\[[@ref107][@ref108][@ref109]\]If the patient is still symptomatic, addition of theophylline may be considered.Use of oral mucolytic therapy is recommended for patients with mucus hypersecretion, especially if not using ICS.\[[@ref123]\]All patients can use short-acting bronchodilators as needed for control of dyspnea, in addition to their regular treatment.

Non-pharmacological Therapies {#sec1-11}
=============================

Smoking cessation {#sec2-33}
-----------------

Smoking cessation has the greatest proven impact on the natural history of COPD by slowing the accelerated decline of lung function.\[[@ref124]\] The younger the age at which a smoker quits, the more likely the rate of decline will parallel that of non-smokers.\[[@ref125]\] Smoking cessation is recommended at any age, since it can decrease the COPD symptoms and the number of exacerbations and improve the health status and exercise tolerance. It is one of the few interventions with proven benefit on decreasing mortality in COPD due to its effect on lung cancer, cardiovascular disease, and other co-morbid conditions.\[[@ref126]\] The following strategy may help patients who are willing to quit smoking to achieve this goal:

### Counseling {#sec3-6}

Obtaining the patient\'s smoking history and offering a brief conseling to the patient to quit smoking by a health care professional can result in quit rates of 5-10%. Tobacco dependence is a chronic disease and quitting may require multiple attempts. Long-term quit rates of 25% are achievable with more intensive interventions.\[[@ref127]\]

### Medications {#sec3-7}

Combining professional counseling, group support with pharmacotherapy significantly increases the success rate of smoking cessation.\[[@ref128]\] Nicotine replacement therapy increases the long-term quit rate and is significantly more effective than placebo. This therapy is contraindicated in those with recent myocardial infarction, unstable angina, stroke, or untreated peptic ulcer disease. Oral medications, such as varenicline, bupropion, and nortryptiline, have increased long-term quit rates and are more effective when combined with counseling. Bupropion can be combined with nicotine replacement therapy for better results.\[[@ref129][@ref130]\] Health care professionals should familiarize themselves with the contraindications and possible side effects of these medications, such as possible increased risk of suicide with varenicline and seizures with bupropion.

Recommendation {#sec2-34}
--------------

Smoking cessation is recommended at any age; it improves the health status and exercise tolerance and decreases COPD symptoms, the number of exacerbations, and mortality. (Evidence A)

Long-term oxygen therapy {#sec2-35}
------------------------

There is unequivocal evidence that long-term oxygen therapy (LTOT) improves survival and quality of life in hypoxemic patients with COPD. LTOT is recommended when the PaO2 is less than 55 mmHg (less than 7.3 kPa or arterial saturation less than 88%), while the patient is breathing room air and is free of acute exacerbation for at least 2 months while receiving maximum therapy. LTOT is also recommended if the PaO2 is between 55 and 60 mmHg (7.4-8 kPa) in a patient with COPD associated with cor-pulmonale, peripheral edema, or hematocrit ≥55%. Despite the lack of solid evidence, the LTOT recommendation may be extended to COPD patients with PaO2 more than 60 mmHg (more than 8 kPa or arterial saturation more than 88%) and having nocturnal hypoxemia or hypoxemia during exercise.

Once LTOT is commenced, it is recommended to re-evaluate the patients at 3 months and 1 year intervals to optimize oxygen prescription.\[[@ref131][@ref132]\] The oxygen should be titrated to achieve a resting PaO2 of 60-65 mmHg or arterial saturation between 88% and 94%. The usual dose is 1-2.5 L/min, typically administered by nasal cannula, for a minimum of 18 h/day to derive benefit in terms of survival. A practical way of supplying oxygen at home is the use of an oxygen concentrator. Long tubes may be needed to ensure continuous use of oxygen during normal activity and exercise. Lightweight portable delivery systems (e.g. cylinders) are now available for outdoor use.

Recommendation {#sec2-36}
--------------

LTOT is recommended when the PaO2 is less than 55 mmHg (less than 7.3 kPa or arterial saturation less than 88%), or PaO2 is between 55 and 60 mmHg (7.4-8 kPa) with cor-pulmonale, peripheral edema, or hematocrit ≥55%. (Evidence A)

Non-invasive ventilation {#sec2-37}
------------------------

Non-invasive ventilation (NIV) is a method of providing ventilatory support using a nasal or full-face mask without the placement of an endotracheal tube. Benefits of NIV in the treatment of acute respiratory failure in COPD have been well documented.\[[@ref133]\] However, the benefit of NIV for stable COPD patients with chronic respiratory failure is less clear. Recent studies revealed that it may improve survival and dyspnea in hypercapnic COPD patients, particularly in conjunction with PR, but the results about the effect on quality of life are conflicting.\[[@ref134][@ref135]\] A Cochran review and meta-analysis did not confirm any benefit from long-term use of non-invasive positive pressure ventilation (NIPPV) in stable COPD.\[[@ref136][@ref137]\] Systematic review revealed a benefit of NIPPV in a subset of selected patients with severe COPD on maximal therapy.\[[@ref138]\]

Recommendation {#sec2-38}
--------------

Benefits of NIV in the treatment of acute respiratory failure in COPD have been well documented. (Evidence B)

Vaccination {#sec2-39}
-----------

An acute exacerbation of COPD is a major cause of morbidity and mortality worldwide. Most acute exacerbations are triggered by community-acquired respiratory infections. Influenza and pneumococcus are the major causes of morbidity and mortality in people with COPD. Influenza vaccination clearly reduces acute exacerbations of COPD and may reduce hospitalizations and mortality. Patients with COPD should receive influenza vaccination annually.\[[@ref139]\]

Pneumococcal vaccination reduces invasive pneumococcal disease, especially in smokers. The US Centers for Disease Control and Prevention (CDC) recommend the administration of pneumococcal vaccination to all patients at least 65 years of age, as well as to younger patients with chronic medical illnesses, including COPD.\[[@ref140]\]

Recommendations {#sec2-40}
---------------

Patients with COPD are recommended to receive influenza vaccination annually. (Evidence A)Pneumococcal vaccination is recommended in patients with COPD. (Evidence B)

Lung volume reduction surgery {#sec2-41}
-----------------------------

Lung volume reduction surgery (LVRS) is a technique that involves reducing the lung volume using multiple wedge excisions of emphysematous areas. LVRS is reserved for highly selected patients with upper lobe predominant heterogeneous emphysema who do not improve significantly with a PR program. It is contraindicated in very severely ill patients with either FEV1 or diffusion lunh capacity (DLCO) less than 20% of the predicted value.\[[@ref141]\] To decrease the morbidity and mortality of surgery, bronchoscopic techniques were introduced aiming at lung volume reduction by causing distal lung collapse via unidirectional valves or endobronchial glue. This intervention is beneficial in selected patients with severe heterogeneous emphysema, significant air trapping, and hyperinflation.\[[@ref142][@ref143]\] Further studies are needed to determine the best selection criteria and choice of endoscopic volume reduction technique.

Recommendation {#sec2-42}
--------------

Lung volume reduction surgery is reserved for a highly selected small group of patients with upper lobe predominant heterogeneous emphysema who do not improve significantly with a PR program. (Evidence B)

Lung transplant {#sec2-43}
---------------

COPD is one of the indications for lung transplantation. An FEV1 less than 30% of the predicted value is associated with a 60-80% 2-year survival rate. Lung transplantation should be considered in patients with emphysema who have an FEV1 substantially less than 30% of the predicted value, hypercapnia, and associated pulmonary hypertension. Continued deterioration despite optimal medical therapy, including smoking cessation, maximal pharmacological treatment, rehabilitation, and long-term oxygen therapy, and surgical therapy such as volume reduction surgery is an additional indicator for referral for transplant assessment.\[[@ref144]\] Lung transplantation results in improvement in exercise capacity, quality of life, and lung functions; however, controversy remains regarding survival benefit.\[[@ref145][@ref146]\]

Recommendation {#sec2-44}
--------------

Lung transplantation should be considered in patients with emphysema who have an FEV1 substantially less than 30% of the predicted value, hypercapnia, and associated pulmonary hypertension. (Evidence C)

Pulmonary Rehabilitation {#sec1-12}
========================

PR is an integral component of the comprehensive management plan of patients with chronic lung disease by addressing their functional and psychological deficits. PR is defined as "an evidence-based, multidisciplinary, individualized, and comprehensive intervention for patients with chronic respiratory diseases who are symptomatic and often have decreased daily life activities." PR is designed to reduce symptoms, optimize functional status, increase participation, and reduce health care costs through stabilizing or reversing systemic manifestations of the disease.\[[@ref147]\] Establishing a PR program should be within the scope of a pulmonologist, internist with interest in pulmonary medicine, or thoracic surgeon with a support from a multi-disciplinary team. There are international guidelines that guide the establishment of a PR program.\[[@ref148][@ref149]\] Further, the American Association of Cardiovascular Rehabilitation has published its guidelines that carry practical recommendations.\[[@ref150]\]

PR is generally recommended to symptomatic patients with chronic lung diseases who develop shortness of breath on their own pace on level ground while on optimum therapy. Based on available evidence, PR is recommended for COPD patients with an FEV1 of at least 50% of the predicted value.\[[@ref151]\] It is further extended to symptomatic patients with moderate disease who have an FEV1 between 50 and 80% of the predicted value.\[[@ref152]\] PR is also recommended for those with a CAT score of more than 10. PR is offered on an outpatient basis by trained staff in a safe clinical environment. Inpatient PR may be utilized to commence the program after a disease exacerbation or for advanced cases with severe deconditioning.\[[@ref153]\]

Exclusion from the PR program would include patients with significant orthopedic or neurologic problems that affect mobility or cooperation with exercises. Poorly controlled coexisting medical conditions may limit participation. PR is recommended to be tailored to meet the needs of the individual patients, addressing age-specific and cultural variables, and contains patient-determined goals, as well as the goals established by the individual team discipline.\[[@ref154]\] The main components of a PR program include the following.

Exercise training {#sec2-45}
-----------------

Exercise training is the cornerstone of PR as it leads to improvement of muscle function.\[[@ref155]\] Patient treatment should be maximized prior to PR as patient performance is affected by airway obstruction, ventilatory limitations, gas exchange abnormalities, and skeletal or respiratory muscle dysfunction. Exercise leads to better motivation for the psychological status, symptoms, and cardiovascular function.\[[@ref156]\] Oxygen supplementation during exercise is beneficial, especially for those with hypoxemia.\[[@ref157]\] A typical PR protocol is recommended to be at least three supervised visits per week over 8-12 weeks for approximately 20 visits.\[[@ref158]\] The recommended exercises for the lower and upper extremities include combination of track or treadmill walking, upright cycling, stair stepping, and arm ergometer. Finally, inspiratory muscle training may be used as an adjunct treatment, especially in those patients with severe disease.

Self-management education {#sec2-46}
-------------------------

Education is an integral part of PR and should aim to promote self-management skills and self-efficacy rather than didactic lectures. It involves a combination of teaching, counseling, and behavioral modification techniques.\[[@ref159]\] Educational topics are available in Arabic.\[[@ref160]\]

Behavioral modification {#sec2-47}
-----------------------

COPD is associated with increased mental health disorders such as anxiety and depression. Psychosocial support is recommended as it facilitates adjustment process by encouraging adaptive behavior and helping patients to diminish negative emotions.\[[@ref161]\]

Outcome assessment {#sec2-48}
------------------

Assessment in COPD should be patient-centered, and range from unstructured clinical assessment to validated tests and instruments such as six minutes walk distance (6MWD) or health-related quality of life instruments.\[[@ref162]\] The Chronic Respiratory Disease Questionnaire (CRQ) is recommended as it is reliable, valid, and available in Arabic.\[[@ref163][@ref164]\] The Arabic version of CRQ is based on the CRQ with standardized dyspnea domain and is self-administered. It is a 20-item questionnaire with the four domains of the CRQ calculated separately, which are dyspnea, fatigue, emotion, and mastery. Higher numbers indicate better quality of life. For patients with COPD, the CAT was recently introduced to measure the impact of the disease \[[Figure 1](#F1){ref-type="fig"}\]. The CAT is an 8-item test where higher numbers reflect a higher impact of the disease \[[Table 1](#T1){ref-type="table"}\]. The CAT is also available in Arabic \[[Figure 2](#F2){ref-type="fig"}\].\[[@ref59]\]

Benefits from PR program may continue up to 18 months.\[[@ref165]\] Health-related quality of life is maintained for a longer period compared to exercise.\[[@ref166]\] Strategies to maintain the benefits of PR include continuing rehabilitation, maintenance program, and recall program.\[[@ref167][@ref168]\]

Recommendations {#sec2-49}
---------------

PR is recommended for COPD patients with an FEV1 of at least 50% of the predicted value and those with moderate disease who have an FEV1 between 50 and 80% of the predicted value. (Evidence B)A typical PR protocol is recommended to be at least three supervised visits per week over 8-12 weeks for approximately 20 visits. (Evidence B)Benefits from PR program may continue up to 18 months. (Evidence B)Health-related quality of life is maintained for a longer period compared to exercise. (Evidence A)

Systemic Effects of COPD and Co-morbidities {#sec1-13}
===========================================

COPD is associated with low-grade systemic inflammation with increased levels of systemic inflammatory markers such as leukocytosis, fibrinogen, C-reactive protein (CRP), cytokines \[interleukin (IL)-6\], and tumor necrosis factor alpha (TNF-α). Its intensity increases during COPD exacerbations.\[[@ref169][@ref170]\] It has also been implicated in the pathogenesis of weight loss, skeletal muscle dysfunction, wasting of muscle mass, cardiovascular disease, and depression.\[[@ref171][@ref172][@ref173][@ref174]\]

Nutrition and Body Mass Index {#sec1-14}
=============================

Malnutrition is a significant problem in COPD patients. The estimated prevalence of malnutrition is 10-15% in patients with mild to moderate COPD and 50% in patients with advanced stage of the disease. This percentage increases to approximately 50-70% in hospitalized patients with acute exacerbation.\[[@ref175][@ref174][@ref175][@ref176][@ref177]\]

Malnutrition is defined as weight less than 90% of the predicted value or body mass index (BMI) less than 18.4 kg/m^2^. A recent weight loss of more than 10% over 6 months carries a negative prognostic effect as well. Malnutrition is frequently associated with anemia, increased susceptibility to infection and muscle wasting that aggravates dyspnea, and limitation in exercise capacity.\[[@ref146]\] BMI is an independent prognostic factor in patients with COPD. A decreased BMI is associated with increased mortality and increased risk of developing COPD.\[[@ref178][@ref179][@ref180][@ref181][@ref182]\] An increased BMI may even improve lung function in patients with COPD.\[[@ref148][@ref149]\] COPD patients who are underweight or who experience loss of weight over the course of follow-up should be given nutritional supplements.\[[@ref150]\] The long-term benefits of nutritional supplementation are yet to be determined.\[[@ref151]\]

Recommendation {#sec2-50}
--------------

COPD patients who are underweight or with a decrease in weight over the course of follow-up are recommended to receive nutritional supplements. (Evidence C)

Vitamin D and COPD {#sec1-15}
==================

Vitamin D insufficiency seems to be a common problem that affects the general population worldwide, including the sunny countries such as Saudi Arabia.\[[@ref183][@ref184]\] Vitamin D deficiency has been associated with decline in lung function, increased inflammation, and reduced immunity.\[[@ref185]\] The prevalence of Vitamin D deficiency is particularly high in COPD patients and increases with the severity of COPD from 60% to 77% in patient\'s advanced disease.\[[@ref154]\] It is closely associated with prevalence of osteoporosis, which is particularly higher in older patients and in those on steroids.\[[@ref155]\]

Several factors may be attributed to Vitamin D deficiency in COPD patients, including poor diet, reduced outdoor activities and exposure to sun, impaired activation because of renal dysfunction, and a lower storage capacity in muscles or fat due to wasting.\[[@ref186]\] Given the high prevalence of osteoporosis in the Saudi population compared to western countries and the increased risk of osteopenia and osteoporosis in COPD, measurement of 25-hydroxyvitamin D (25-OHD) levels and dual-energy X-ray absorptiometry (DXA) are recommended for all patients with obvious risk of osteoporosis.\[[@ref187][@ref188]\] There is no adequate evidence for routine supplementation with vitamin D in patients with COPD. However, vitamin D and calcium supplementation should be considered in all patients at risk, including those receiving corticosteroid regardless of the steroid dose or duration.\[[@ref189][@ref190]\]

Recommendation {#sec2-51}
--------------

COPD patients at risk for osteoporosis, especially the patients on glucocorticoids at any dose with an anticipated duration more than 3 months, are recommended to be screened for osteoporosis. (Evidence D)Routine supplementation of vitamin D in patients with COPD is not recommended. (Evidence D)

Sleep and COPD {#sec1-16}
==============

Worsening of hypoxemia during sleep in COPD patients is well known. The degree of hypoxemia during sleep depends on the severity of COPD and the baseline PaO2 level. Hypoxemia in COPD patients during sleep is attributed to a drop in ventilation due to decrease in the ventilatory drive, decreased chemosensitivity, decreased basal metabolic rate, and increased upper airway resistance. Although these changes occur in normal individuals, the alterations are much more profound in COPD patients and are particularly worse during REM sleep. Moreover, during sleep, there is decreased mucociliary clearance, a decrease in the functional residual capacity, and closing of small airway; these changes consequently increase ventilation-perfusion (V/Q) mismatching and worsening of hypoxemia.\[[@ref191][@ref192][@ref193]\]

Sleep disorders in COPD {#sec2-52}
-----------------------

Sleep disorders are common among patients with COPD and may have a major impact on the patients' quality of life and health outcomes. Sleep disturbances may occur due to the effects of breathing abnormalities on sleep and sleep disruption. However, other etiologies may include the medications used to treat COPD, concomitant anxiety and depression, or the presence of co-morbid sleep disorders such as obstructive sleep apnea or obesity hypoventilation syndrome. COPD *per se* in the absence of sleep apnea or hypopnea does not affect the quality of sleep.\[[@ref194]\] Insomnia is the most common sleep disorder reported in COPD.\[[@ref191][@ref195]\] Other common sleep disorders are obstructive sleep apnea and obesity hypoventilation syndrome.

Obstructive sleep apnea and overlap syndrome {#sec2-53}
--------------------------------------------

Obstructive sleep apnea syndrome (OSAS) and COPD are two distinct diseases. Overlap syndrome is the co-existence of COPD and OSAS within an individual. The estimated prevalence is approximately 1% in adult males.\[[@ref195][@ref196]\] A patient with COPD, who also has OSAS has more significant oxygen desaturation and is more prone to hypercapnea and pulmonary hypertension than a patient with the same degree of obstruction but without coexisting OSAS.\[[@ref197]\] Furthermore, overlap syndrome is associated with an increased risk of death and hospitalization because of COPD exacerbation. The treatment with continuous positive airway pressure (CPAP) was associated with higher survival and decreased hospitalizations in patients with overlap syndrome and COPD.\[[@ref198][@ref199]\]

Recommendations {#sec2-54}
---------------

Long-term oxygen therapy is not indicated in patients with oxygen desaturation only during sleep. (Evidence B)The co-existence of obstructive sleep apnea (overlap syndrome) or obesity hypoventilation syndrome should be suspected in COPD patients with significant hypoxemia or hypercapnea relative to mild airflow limitation, pulmonary hypertension, or daytime sleepiness, or in patients with daytime sleepiness, snoring, and high BMI. Referral for sleep study to rule out OSAS is recommended. (Evidence C)

Heart Failure and COPD {#sec1-17}
======================

Heart failure and COPD are common. The clinical symptoms and signs of both diseases overlap, and a combination of both diseases in a particular patient may present a diagnostic challenge. B-type natriuretic peptide (BNP) may be helpful in differentiating COPD exacerbation from heart failure.\[[@ref200]\] Clinicians are encouraged to use a combination of clinical presentation, spirometry, and echocardiography findings to differentiate both conditions. The use of β-blockers for treatment of heart failure in patients with COPD appears to be safe and had been shown to decrease exacerbations, hospitalizations, and all-cause mortality.\[[@ref201][@ref201][@ref202][@ref203]\]

Recommendation {#sec2-55}
--------------

The use of β-blockers for treatment of heart failure in patients with COPD appears to be safe and had been shown to decrease exacerbations, hospitalizations, and all-cause mortality. (Evidence C)

Pulmonary Hypertension and COPD {#sec1-18}
===============================

Pulmonary hypertension is a common co-morbidity associated with increased mortality in COPD patients. The incidence of pulmonary hypertension in COPD patients depends on the severity of airway obstruction and varies from 6 to 60%. It is often mild to moderate, while severe pulmonary hypertension is estimated to be present in 1-3.7% of patients with severe COPD.\[[@ref204][@ref205]\] Echocardiography is adequate for initial screening, but is not recommended as routine screening except for patients with hypoxia or dyspnea that is out of proportion with the severity of airway obstruction. Standard maximum COPD therapy along with oxygen supplementation in hypoxic patients is recommended as a treatment for pulmonary hypertension as well. Any COPD patient with severe pulmonary hypertension should be evaluated for other causes of pulmonary hypertension. Few studies had shown limited improvement of pulmonary hypertension in COPD with specific pulmonary vasodilators.\[[@ref206]\] In a recent Aspire registry report, compassionate treatment with targeted vasodilator therapy in 43 out of 59 patients with COPD and severe pulmonary hypertension did not show any survival benefit, though in a subset of patients, improvement in functional class was observed. However, currently, there is no clear benefit and it is not recommended.\[[@ref207][@ref208]\]

Recommendation {#sec2-56}
--------------

Screening for pulmonary hypertension using echocardiogram is recommended for patients with shortness of breath or hypoxia that is out of proportion with the degree of airway obstruction. (Evidence D)There is no clearly proven benefit of treating pulmonary hypertension in COPD with pulmonary vasodilators. (Evidence C)

Surgery in COPD {#sec1-19}
===============

Surgery and general anesthesia are generally not contraindicated in patients with COPD. However, postoperative complications are more frequent in COPD depending on the site of surgery. Upper abdominal and thoracic surgeries have more postoperative complications compared to lower abdominal surgeries. Other risk factors for postoperative complications include smoking, presence of bronchospasm, and secretions.\[[@ref209]\] It is very important that the patient with COPD undergoing surgery be carefully assessed for symptoms of ongoing infection, bronchospasm, smoking, and site of surgery. Comorbidity risks that need to be assessed include: hypoxia, hypercapnea, risk for thromboembolism, pulmonary hypertension, and associated cardiac co-morbidities such as coronary artery disease and heart failure. Before undergoing any elective surgery, patients should stop smoking for at least 6-8 weeks and should receive maximal therapy for COPD and PR. Early mobilization, chest physiotherapy, and incentive spirometry may reduce postoperative complications.\[[@ref147][@ref210]\]

Recommendation {#sec2-57}
--------------

Before undergoing any elective surgery, COPD patients should stop smoking for at least 6-8 weeks and should receive maximal therapy for COPD and PR. Early mobilization, chest physiotherapy, and incentive spirometry may reduce postoperative complications. (Evidence C)

Air Travel {#sec1-20}
==========

COPD patients are liable to develop potentially serious oxygen desaturation during commercial flights. Commercial airplane cabin is pressurized to a level of 6000-8000 m that is equivalent to inspired oxygen of 15% at sea level.\[[@ref211]\] It is recommended to keep PaO2 above 50 mmHg (6.7 kPa) in patients with COPD during flight. Supplemental oxygen by nasal cannula usually compensates for the hypoxemia of air travel.\[[@ref212]\] However, during a flight, the oxygen pressure should be maintained at the same level at which the patient is clinically stable at sea level. Patients with COPD are recommended to ask their doctors to fill the oxygen supplement request form provided by airlines. Attention also should be paid to co-existing conditions that could preclude air travel like unstable angina, severe anemia, uncontrolled heart failure, large emphysematous bullae, or pneumothorax.

Acute COPD Exacerbation {#sec1-21}
=======================

Exacerbations are frequent events in the natural history of COPD and can adversely affect health-related quality of life, cause deterioration in lung functions, frequent hospitalization, and may even increase mortality.\[[@ref64]\] Exacerbations are often under-diagnosed and unreported.\[[@ref213]\] It is important to recognize these events, treat effectively, and adopt measures for their prevention. An exacerbation may be defined as an acute sustained deterioration of respiratory symptoms in a COPD patient beyond day-to-day variability which could not be explained by any other cause, and this event may or may not lead to change in therapy.\[[@ref214]\] These events may resolve spontaneously or with treatment over a period of time.

Clinical presentation {#sec2-58}
---------------------

Acute exacerbations present as acute change in symptoms, including coughing, change in the quantity and quality of sputum, and increase in baseline dyspnea. Signs of severe or life-threatening exacerbation include deterioration in the level of consciousness, marked respiratory distress, use of accessory muscles, PaO2 less than 50 mmHg or pH less than 7.3, or a rapid increase in PaCO2 to above 70 mmHg despite the use of oxygen and bronchodilators.

Precipitating factors {#sec2-59}
---------------------

It is estimated that 70-80% of COPD exacerbations are due to respiratory infections. Viral and bacterial infections cause most exacerbations, whereas atypical bacteria are a relatively uncommon cause.\[[@ref215]\] The remaining 20-30% is due to environmental pollution or has an unknown etiology.\[[@ref216]\] Less likely causes of exacerbation are heart failure, pneumonia, pulmonary embolism, pneumothorax, improper oxygen management, inappropriate drugs such as sedatives, and electrolyte imbalance.

Risk factors {#sec2-60}
------------

According to observational studies, the risk of developing an exacerbation of COPD correlates with advanced age, duration of COPD, history of antibiotic therapy, COPD-related hospitalization within the previous year, chronic mucus hypersecretion, and having one or more co-morbidities (e.g. ischemic heart disease, chronic heart failure, or diabetes mellitus).\[[@ref217]\] A high FEV1 is associated with a lower risk of COPD exacerbation. In the ECLIPSE study, 2138 patients with moderate to severe COPD (GOLD stages II, III, or IV) were followed for 3 years. The single best predictor of exacerbations was a history of exacerbations, regardless of COPD severity.\[[@ref66][@ref218]\]

Differential diagnosis {#sec2-61}
----------------------

Patients with COPD who present to the health care facility with acute worsening of dyspnea should be evaluated for potential alternative diagnoses, such as heart failure, pulmonary thromboembolism, and pneumonia. This was illustrated in an autopsy study of 43 patients with COPD who died within 24 h of admission for a COPD exacerbation.\[[@ref219]\] The primary causes of death were heart failure (37%), pneumonia (28%), pulmonary thromboembolism (21%), and COPD (14%).

Goals of treatment {#sec2-62}
------------------

The goals of treatment of acute exacerbation of COPD include the following:

Identify and ameliorate the cause of the acute exacerbation, if possible.Optimize lung function by administering bronchodilators and other pharmacological agents.Ensure adequate oxygenation and secretion clearance.Avoid the need for intubation, if possible.Prevent the complications of immobility, such as thromboembolism and deconditioning.Address nutritional needs.

Management {#sec2-63}
----------

In general, mild exacerbations may be treated with inhaled bronchodilators only, whereas moderate and severe exacerbations require treatment with steroids and/or antibiotics.

Antibiotics {#sec2-64}
-----------

The use of antibiotics appears to improve clinical success rate, lung functions, and time to next exacerbation; however, some patients may improve without the use of antibiotics. A practical approach is to use antibiotics in patients who have two of three important symptoms: increasing breathlessness, increasing sputum volume, and/or increasing sputum purulence.\[[@ref220]\] However, patients with severe or life-threatening exacerbations or requiring admission to the hospital should receive antibiotics regardless of the above factors. Around one-third of the exacerbations are associated with viral infection (with rhinovirus and influenza virus predominating). Bacterial colonization is reported in 20-30% of cases during remissions and increases to 30-50% during exacerbations. The usual organisms are *Haemophilus influenzae, Streptococcus pneumoniae*, and *Branhamella catarrhalis*. *Pseudomonas aeruginosa* is occasionally present in severe or long-standing COPD. The following antibiotics are useful in COPD exacerbation: Second-generation cephalosporins, amoxicillin-clavulanate, macrolide, quinolones such as moxifloxacin or levofloxacin, and doxycycline.

Recommendations {#sec2-65}
---------------

Antibiotics should be used to treat exacerbations in ambulatory patients with at least two symptoms: increasing breathlessness, increasing sputum volume, and/or increasing sputum purulence or presence of purulent sputum alone. (Evidence C)Hospitalized patients due to severe exacerbation of COPD should receive antibiotics. (Evidence A)

Bronchodilator therapy {#sec2-66}
----------------------

Bronchodilator therapy should be maximized at home, using a combination of ipratropium and a β2-agonist by inhaler (with or without a spacer) or air-driven nebulization at more frequent intervals (2-4 per hour). The recommended doses for hospitalized patients are: ipratropium 250-500 mcg plus salbutamol 2.5-5 mg in 3 ml normal saline nebulized with 7-8 L of air per minute to avoid CO2 narcosis.

Corticosteroids {#sec2-67}
---------------

Intravenous methylprednisolone or oral prednisolone should be routinely used for life-threatening exacerbations or moderately severe episodes which have failed to respond to the above measures. Studies have confirmed their efficacy in acute exacerbations, with a more rapid improvement of FEV1 and shorter hospital stay.\[[@ref221][@ref222]\] Oral corticosteroids are equally efficacious as intravenous corticosteroids for treatment of most exacerbations of COPD.\[[@ref223]\] The dose of systemic corticosteroids for treating a COPD exacerbation ranges from prednisone 30-60 mg once daily to methylprednisolone 60-125 mg 2-4 times daily. A growing body of evidence favors using a moderate rather than high dose of corticosteroids for the majority of patients with an exacerbation of COPD. A comparative analysis of corticosteroid dosing examined the outcomes of 79,985 patients admitted to a hospital with an exacerbation of COPD, excluding those individuals requiring intensive care. The median corticosteroid dose administered in the first 2 days was 60 mg for those individuals on oral therapy and 556 mg for those on intravenous therapy. The risk of treatment failure was no greater with the lower dose.\[[@ref224]\] As this was an observational study and did not include objective measures of airflow limitation, it is possible that less ill patients were more likely to receive oral treatment. Recently, a multicenter randomized clinical trial using shorter duration of prednisone in the management of acute exacerbations had shown that prednisone 40 mg daily for 5 days was non-inferior to conventional prednisone 40 mg daily for 14 days in reducing exacerbations during 6 months study period. Moreover, the time to the first exacerbation, need for mechanical ventilation, improvement in lung function, duration of hospitalization, and mortality were almost the same in the two treatment groups.\[[@ref225]\]

Recommendations {#sec2-68}
---------------

All hospitalized patients with acute exacerbation of COPD should, in addition to other therapies, receive oral steroids or equivalent intravenous steroids if unable to take oral therapy. (Evidence A)The use of short course of oral steroids for a period of 5 days for moderate exacerbation is effective in reducing dyspnea, risk of treatment failure, and risk of hospitalization. (Evidence A)

Theophylline {#sec2-69}
------------

Published evidence and recent recommendations do not support the use of theophylline in the treatment of COPD exacerbations.\[[@ref226][@ref227]\]

Oxygen {#sec2-70}
------

Oxygen should be administered by venturi mask for accuracy, starting with low concentration of 24% or 28% to avoid inducing CO2 narcosis. The aim is to maintain oxygen saturation greater than 90%. Following a repeat of arterial blood gases, oxygen saturation should be cautiously adjusted to keep PaO2 around 60 mmHg, while ensuring that the pH does not drop below 7.30.

Non-invasive ventilation {#sec2-71}
------------------------

NIV by face or nasal mask is rapidly establishing itself as the method of choice for ventilatory support in patients with COPD exacerbation, as it is effective with reported success rate of 80-85% and avoids many of the problems of invasive ventilation and intubation.\[[@ref228][@ref229]\] NIV is well documented to significantly decrease both mortality and the need for intubation.\[[@ref230][@ref231]\] Contraindications to NIV include: hypotension, arrhythmias, drowsiness, un-cooperative patients, and increased risk of aspiration like vomiting or copious secretions.

Mechanical ventilation {#sec2-72}
----------------------

Intubation and mechanical ventilation are required if there is severe acidosis (pH \< 7.25), marked hypercapnea (PaCO2 \> 60 mmHg), life-threatening hypoxemia (PaO2/FIO2 \< 200), or if NIV failed to improve arterial blood gases. The selection of patients for invasive ventilation is of utmost importance.\[[@ref232][@ref233]\] Consider avoiding mechanical ventilation in patients with much advanced disease and without reversible factors and who may prove highly difficult to extubate. Even after extubation, such patients have poor survival rates.\[[@ref234]\]

Other treatment {#sec2-73}
---------------

Cautious oral or intravenous hydration should be considered in the presence of signs of hypovolemia. Prophylaxis against pulmonary embolism and deep venous thrombosis must be administered in immobilized patients.

Prognosis {#sec2-74}
---------

It is estimated that 14% of patients admitted for an exacerbation of COPD will die within 3 months of admission.\[[@ref235]\] Even if the acute exacerbation resolves, many patients never return to their baseline level of health.\[[@ref236]\] Among patients with an acute exacerbation and a PaCO2 of 50 mmHg or more, the 6 and 12 months mortality rates are approximately 33% and 43%, respectively.\[[@ref237]\]
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